FANS  AND  AIR  COMPRESSORS	-       in
mix thoroughly with the incoming air, such machines will not operate
efficiently at high speeds.
External cooling is almost exclusively adopted. For the smaller sizes of
cylinders the outside walls are ribbed, and radiate the heat to the surrounding
atmosphere. The larger sizes are water-jacketed, giving an average com-
pression PV1'35. The quantity of water necessary is a function of the inlet
temperature, a common figure being twice the inlet temperature in degrees F.
equals the number of gallons per hour per 100 cubic feet per minute.
Intercoolers consist of long cylindrical chambers fitted with longitudinal
tubes through which water is circulated, the compressed air to be cooled
passing around and along the circumference. The flow of water and air
should be in opposite directions, in order that the coolest air may meet the
coolest water. A section of a cooler is shown mounted on a compressor in
fig. ii.
The number of cubic feet of free air per minute per square foot of cooling
surface is given as 0-4 (ta — £ro), where ta is the temperature of air leaving,
tw that of the water entering, both in degrees F.
Valves.—For high volumetric efficiency, the inlet valves should have
a large area of passage with rapid opening and closing to prevent wire-drawing
of the air. It is also very important that the delivery valves should close
quickly, as the leakage back into the cylinder reduces both capacity and
efficiency.
Combination of Valves.—The most desirable combination of inlet and
delivery valves would be to have the inlet valve a mechanically operated
one, such as a Corliss, and for the delivery valve to open automatically and
close mechanically.
In many machines a number of small poppet valves working automatically
are employed both for inlet and delivery. These are fairly efficient and
reliable, but are somewhat noisy in operation. Another good type com-
monly used is the plate valve, made of thin tempered steel or bronze. These
valves are very light, and consequently the inertia forces are small, thus
facilitating rapid opening and closing.
The area through the inlet valves should not be less than 10 per cent
of the piston area, and for the delivery 12 per cent. These percentages
apply to normal piston speeds of 400 ft. per minute. Higher piston speeds
of 800 ft. per minute are adopted, in which case the valve areas should be
in the order of 13 per cent and 15 per cent.
Figures of Efficiencies.—The true volumetric efficiency varies from
80 to 96 per cent.
The cylinder efficiency is the work required to compress isothermally
a volume of air equal to the piston displacement, disregarding clearance,
divided by the actual work done as measured from an indicator diagram.
It varies from 80 to 78 per cent.
The efficiency of compression is the volumetric efficiency multiplied by
the cylinder efficiency, so that the range will be from 60 to 82 per cent.
The over-all efficiency is the efficiency of compression multiplied by the

